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1.0 INTRODUCTION   

Evidence exists that trace levels of the low molecular weight sulfonates, which may include 
benzene monosulfonic acid (BSA), p-phenol sulfonic acid (p-PSA) and benzene metadisulfonic 
acid (m-BDSA), are likely to be widespread in the environment.  These compounds are present 
as constituents of the high-production detergents formulated from alkylbenzene sulfonates 
(Leslie, 1984) and other commercial products (Patel and Robbins, 1994).  The widespread 
usage of these detergents since the 1940s in industrial, agricultural, and household applications 
has likely resulted in releases of these low molecular weight sulfonates.  For example, benzene 
sulfonic acid has been qualitatively identified in drinking water in the United States by the 
Environmental Protection Agency (USEPA) (Abrams et al., 1975). 
 
BSA and p-PSA are also found in surfactants used in the coal mining industry, in drilling fluid 
additives and in formulations for oil recovery operations.  They are added to drilling muds as 
secondary emulsifiers to improve emulsion stability, as defoamers and as wetting agents for the 
drilled solids (Kjeilen et al., 1999). 
 
Reuse of foundry sands for road construction and fill, as was common prior to 1980, is a 
documented source for BSA entry into the environment.  Used foundry sand contains a mix of 
chemicals used in mold and core production.  Benzene sulfonic acid is commonly used as a 
hardening agent (Ji et al., 2000; Matsura and Otsuka, 1987; Chang and Hurchings, 2001), and 
recent studies published in the scientific literature have documented that this chemical is readily 
leached into the environment when used foundry sand is exposed to environmental conditions. 
(Ji et al., 2000; Riediker et al, 2000).  BSA was measured at 128 ug/l in leachate from a landfill 
where used foundry sand had historically been placed (Riediker et al., 2000).  
 
Since the low molecular weight sulfonates are not in the suite of organic compounds routinely 
evaluated by the US Environmental Protection Agency (USEPA) standard analytical methods, 
they have rarely been included as target analytes for environmental investigations.  Additionally, 
neither the USEPA nor the Commonwealth of Pennsylvania have developed Ambient Water 
Quality Criteria (AWQCs) for these compounds.  The USEPA has established a specific protocol 
for developing AWQCs (Stephan et al., 1985), and the Commonwealth of Pennsylvania has 
adopted this protocol.  As stated in 25 Pa. Code § 16.22: 
 

The Department will establish criteria for toxic substances to provide for protection of 
aquatic life in accordance with the following guidelines: 
 
(1) For those toxics for which the EPA has developed criteria in accordance with the 

National guidelines as set forth in ‘‘Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses’’ (1985), the 
Department will review and evaluate the criteria.  If the Department determines that 
the criteria are adequate to protect indigenous aquatic communities in the State’s 
waters, these criteria will serve as the basis for establishing …effluent limitations 
under Chapter 92 (relating to National Pollutant Discharge Elimination System 
permitting, monitoring and compliance). If the Department determines that the EPA 
National criteria are inappropriate, the Department will adjust these criteria in 
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accordance with National guidelines to reflect the levels required for protection of 
aquatic life in this Commonwealth’s waters. 

 
(2) For those toxics identified or expected in a discharge for which the EPA has not 

developed criteria, the Department will develop criteria using the EPA’s National 
Guidelines. 

 
In developing acute AWQCs using the USEPA protocol as specified in item (1) above, Stephan 
et al. (1985) require acute toxicity test data from at least eight different families to represent the 
potential range of aquatic biota and their respective sensitivities to a compound that might be 
observed in the field.  These eight data requirements are presented in Table 1, and typically, 
these data consist of 48-hr LC50 data for daphnids and the 96-hr LC50 data for fish 
(concentrations lethal to 50 percent of the test organisms after a 48- or 96-hour exposure 
period, respectively).  These data are used to calculate the final acute value (FAV).  The FAV is 
an estimate of the concentration of a chemical corresponding to a cumulative probability of 0.05 
(i.e. the 5th percentile) of the acute toxicity values for the genera with which acceptable acute 
toxicity tests have been conducted for that chemical (Stephan et al., 1985) 
 
In addition to the data requirements for developing criteria using the USEPA method as adopted 
by Pennsylvania and specified in Table 1, toxicity test data from an algae or vascular plant are 
desirable, but not required, for calculation of the final plant value.  Stephan et al. (1985) also 
specify that the final residue value (FRV) be determined where “the final Residue Value is 
intended to (a) prevent concentrations in commercially or recreationally important aquatic 
species from affecting marketability because of exceedance of applicable FDA Action Levels 
and (b) protect wildlife, including fishes and birds that consume aquatic organisms from 
demonstrated unacceptable effects.”   
 
The chronic AWQC can be derived using the same protocols if chronic toxicity test data for eight 
species are available.  However, because chronic toxicity testing is expensive and time 
consuming, chronic criteria are typically developed by dividing the FAV by an acute to chronic 
ratio (ACR) developed from one or a few paired acute and chronic toxicity tests run in the same 
laboratory.  The guidance developed by Stephan et al. (1985), used by USEPA and adopted by 
Pennsylvania, specifies three data requirements for developing an ACR: 
 

1. At least one species is a fish 
2. At least one species is an invertebrate 
3. At least one species is an acutely sensitive freshwater species (the other two may be 

saltwater species). 
 
If all three data requirements are met, then the final ACR is calculated as the geometric mean of 
the three values.  USEPA (1995) has specified that in the absence of one or more ACR values, 
a default value of 18 should be substituted in the calculation of the final ACR.  In the absence of 
any chemical-specific ACR information, the default value of eighteen is assumed to be the final 
ACR. 
 
The FAV is divided by two to calculate the criterion maximum concentration (CMC).  The FAV is 
divided by the final ACR to calculate the final chronic value.  The criterion continuous 
concentration (CCC) is defined (Stephan et al., 1985) as the lowest of the final chronic value, 
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the plant value, or the residue value.  The CMC and the CCC are acute and chronic criteria, 
respectively, and are defined by Stephan et al. (1985) as: 
 

The procedures described in the “Guidelines for Deriving Numerical National Water Quality 
Criteria for the Protection of Aquatic Organisms and Their Uses” indicate that, except where 
a locally important species is very sensitive, freshwater aquatic organisms and their uses 
should not be affected unacceptably if the four-day average concentration of the tested 
material does not exceed the Criterion Continuous Concentration more than once every 
three years on average and if the one hour concentration does not exceed the Criterion 
Maximum Concentration more than once every three years on average. 

 
More recently, the USEPA (1995) has developed additional protocols for establishing wildlife 
criteria and has deleted the provision in the guidelines to use a Final Residue Value (FRV) in 
deriving a chronic criterion. 
 
The initial source for data used in this study to identify preexisting chemical-specific toxicity test 
results is the USEPA ecotoxicology database (ECOTOX) (USEPA, 2003).  ECOTOX is a source 
for locating single chemical toxicity data from three USEPA ecological effects databases: 
AQUIRE, TERRETOX, and PHYTOTOX.  The AQUIRE database currently holds more than 
232,000 records on lethal, sub-lethal and residue effects in aquatic species for over 7,300 
chemicals.  The database was most recently updated in February of 2006; however, the most 
recently posted data for resorcinol and/or the sulfonates were uploaded in the September 2003 
update (USEPA, 2006). 
 
For each chemical, ECOTOX was queried using the Chemical Abstracts Service Registration 
Number (CAS#).  All records for aquatic plants and animals were downloaded in delimited 
report format.  For aquatic species, the most appropriate toxicological endpoint for FAV 
derivation is the LC50, the chemical concentration that was lethal to 50% of the test animals in a 
specified time period.  As specified in Stephen et al. (1985), a 48-hour freshwater EC50 (death or 
immobilization) and/or LC50 is acceptable for Daphnia species.  For fish, the 96-hour freshwater 
LC50 for aquatic species was selected for derivation of the FAV.  As also specified in the 
guidelines, when more than one freshwater LC50 was available for several species within a 
genus, the geometric mean of all the data was calculated to represent the Genus Mean Acute 
Value (GMAV).  The GMAVs were then used to calculate the FAV. 
 
The relevant ECOTOX search records for each compound are presented in Tables 2 and 3.  
Highlighted records indicate data that met the USEPA AWQC guidelines calculation criteria, 
while records that are not highlighted were not included in any AWQC calculation.  The rationale 
for not using data includes the following: 
 

• Documentation codes which were classified as “I” (insufficient methods and results) 
• Exposure times were less than or greater than USEPA (Stephan et al., 1985) guidelines 
• Effect endpoints or measurements which were mortality-based (e.g. percent survival or 

percent mortality rather than LC50s) or concentration means were not recorded 
• The test was conducted with saltwater media, or the medium was “Not Reported” 
• Toxicity endpoints were “Not Reported” 
• The data were inapplicable based on review of the original literature 
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A search of the database revealed no aquatic toxicity test records for m-BDSA.  Consequently, 
to derive AWQCs for this compound, de novo bioassays were performed to meet all of the 
USEPA guideline criteria for the various genera presented in Table 1. 
 
The ECOTOX query for BSA yielded only one result (Table 3); however, the data from this study 
could not be utilized because the test duration (>4 days) did not meet the 48-hr exposure 
guideline specified for a planktonic crustacean (Daphnia magna) in the USEPA guidelines.  
Consequently, to derive AWQCs for this compound, de novo bioassays were performed to meet 
all of the criteria for the various genera presented in Table 1. 
 
The ECOTOX database contained ten records for p-PSA (Table 3).  Of these, only two 
appeared to meet current USEPA testing guidelines for use in deriving AWQC based on test 
species and duration requirements (Stephan et al., 1985).  One was a single 48-hr LC50 for 
Daphnia magna and the second was a 96-hr LC50 for Lymnaea sp (pond snail).  Both of these 
LC50s were published in a 1965 paper (Dowden and Bennett, 1965).  Because these tests were 
conducted over 40 years ago and USEPA has specific aquatic toxicity test requirements for 
toxicity test results to be usable, the papers were reviewed in detail.  A separate summary of the 
review is provided below for daphnia magna and pond snail. 
 
Dowden and Bennett (1965) did not present details of the experimental methods for the daphnia 
magna tests.  The authors cite a 1948 grey literature source that appears to no longer be 
available to the general public.  Consequently, it was not possible to verify that USEPA 
guidelines were adhered to.  Specifically, it was not possible to determine whether neonatal 
organisms (less than 24 hours old) were used in the test (as required by USEPA guidelines; 
Stephan et al., 1985; Section IV) or whether the animals were fed during the test (which is not 
allowed under the USEPA guidelines (Stephan et al., 1985; Section IV).  It appears that the 
daphnids were fed based on review of cross-referenced articles cited in Dowden and Bennett 
(1965) for general methodologies.  In addition, reference water was obtained from a university 
lake and though it may not be a variable between the spiked tests and the control, current 
protocols require laboratory derived water.  Because of the factors above, the results from the 
Dowden and Bennett (1965) daphnia toxicity tests are not used in AWQC derivation. 
 
Dowden and Bennett (1965) also reported a 96-hr LC50 for Lymnaea sp (the pond snail).  
Detailed review of the article reveals the species of snail tested was not identified and minimal 
specific information is provided on the test protocols.  As with the daphnia magna tests, 
reference water was obtained from a nearby waterbody and not generated in a laboratory, as 
current protocol requires.  Because of these uncertainties, the data reported for the pond snail 
by Dowden and Bennett (1965) were not used to derive the AWQC for p-PSA.  Only the de 
novo p-PSA test data (Table 7) were used. 
 
The query for resorcinol yielded 37 relevant records covering twelve different species (Table 2).  
Some of these data satisfied seven of the eight existing USEPA acute aquatic toxicity test 
guideline criteria (Table 2) and therefore were used for the calculation of GMAVs and FAVs. 
Acute and chronic Chironomus tentans data were also run de novo to allow for calculation of an 
ACR. 
 
In addition to the ECOTOX data, there were two very comprehensive bioassay test reports 
published by the Resorcinol Task Force (Springborn Smithers Laboratories, 2004; 2006) that 
utilized a full life cycle flow through test on the water flea Daphnia magna (25 – 400 ug/L 
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nominal; 11 – 172 ug/L measured) and an acute 72-hour test on the green alga 
Pseudokirchneriella subcapitata (3.1 – 100 ug/L nominal; 3 – 97 measured).  The data from 
these reports are summarized in Attachment 1.  There were no significant dose-related effects 
reported for either species, even at the highest doses, nor could any endpoints be calculated 
because of the lack of any discernable dose-response.  The test endpoints included survival 
and reproduction in Daphnia magna (the latter of which appeared to be stimulated by resorcinol) 
and effects on growth and biomass in the green algae.  Because the exposure concentrations 
were below the data obtained from ECOTOX and there were no clear dose-response 
relationships, these data were not used in the calculation of AWQCs. However, they are 
mentioned here to ensure that all existing reports are documented for the sake of completeness. 
 
The remainder of this report summarizes the development of toxicity test information to satisfy 
all eight data requirements for calculating acute and chronic AWQCs for M-BDSA, p-PSA, BSA 
and, resorcinol1.  Section 3 presents the test organisms and the procedures used to develop the 
toxicity test information.  Data summaries are presented in Section 4, and Results and 
Discussion are presented in Section 5.   

                                                 
1 This report is a revision of a June 2005 report and includes recent chronic aquatic toxicity results from 2004 and 
2006 tests sponsored by the Resorcinol Task Force (RTF) on daphnia magna and green algae (Springborn 
Laboratories, 2004; 2006).  This revised report also includes toxicity data for p-PSA which were posted to ECOTOX 
in September 2003 (after preparation of the 2005 report).  However, the results are from tests conducted in 1965.   
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2.0 PROCEDURES 

A series of acute and chronic bioassays were conducted on four chemicals for up to eight 
species.  An initial range-finding test was conducted for each species of interest to estimate a 
no-effect and a toxicity threshold.  These data were then used to determine the range of 
concentrations for subsequent definitive testing.  The chemicals tested were benzene 
metadisulfonic acid (m-BDSA), benzene monosulfonic acid (BSA), p-phenol sulfonic acid (p-
PSA), and resorcinol.  The species used for this study were the freshwater daphnid 
Ceriodaphnia dubia, the fathead minnow Pimephales promelas, the amphipod Hyalella azteca, 
the midge larva Chironomus tentans, the rainbow trout Oncorhynchus mykiss, the bluegill 
sunfish Lepomis macrochirus, the freshwater rotifer Brachionus calyciflorus, and the mosquito 
larvae Culex pipiens (Table 4).  The rotifer tests were conducted in April 2003 at the AMEC 
Northwest Bioassay Laboratory located in Fife, Washington.  All other testing was conducted 
between 27 November 2002 and 30 April 2003 at the AMEC San Diego Bioassay Laboratory 
(AMEC Laboratory), California. 

2.1 MATERIALS AND METHODS 

Chemicals m-BDSA, BSA, and p-PSA were sent to the AMEC Laboratory from AMEC’s 
Westford, MA office.  Westford obtained m-BDSA and p-PSA from ABCR Gmbh & Co. in 
Germany (CAS#’s 831-59-4 and #825-90-1, respectively), and BSA from Aldrich Chemical 
(CAS# 515-42-4).  The AMEC Laboratory obtained resorcinol from Sigma-Aldrich (CAS# 108-
46-3) (Appendix E).  

2.1.1 Organism Procurement and Handling 

2.1.1.1 Daphnid 

 
Ceriodaphnia dubia were cultured at the AMEC Laboratory.  Four to five days prior to test 
initiation, adult female daphnids were isolated from batch cultures and placed in individual 
holding cups.  The number of daphnids isolated was equal to the number of neonates required 
to initiate testing.  Each cup contained 15 milliliters (ml) of dilution water.  A diet consisting of 
vitamin-enriched yeast, Cerophyll®, and trout chow (YCT) and Selenastrum suspension was 
added to each cup daily.  Cups were placed in a temperature-controlled room maintained at 
25±1°C.  Isolated females were transferred to cups containing fresh dilution water every 24 
hours prior to test initiation. Females that produced broods of 8 or more neonates (<24 hours 
old) were isolated and their offspring combined in a single 500-ml crystallizing dish, fed, placed 
in an environmental chamber at 25±1°C, and held for two hours prior to test initiation. 
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2.1.1.2 Fathead Minnow, Rainbow Trout and Bluegill 

 
Pimephales promelas larvae were obtained from Aquatic BioSystems in Fort Collins, Colorado.  
Oncorhynchus mykiss were obtained from Thomas Fish Supply in Anderson, California.  
Lepomis macrochirus were obtained from Osage Catfisheries, Inc. in Osage Beach, Missouri.  
Organisms were transported in oxygen-saturated water contained in plastic bags and shipped 
by overnight delivery service in insulated ice chests.  Upon arrival at AMEC, organism receipt 
information was recorded, animal condition specified, and physical parameters including pH, 
DO, conductivity, and temperature were measured and recorded.  The organisms were 
acclimated to test conditions in order to promote and confirm animal health prior to test initiation.  
During the acclimation period, animals were observed for any indications of stress (abnormal 
swimming behavior, discoloration) or significant mortality (>10%).  The fathead minnows were 
fed freshly hatched brine shrimp (Artemia sp.).  Rainbow trout and bluegill were fed Tetramin® 

flake food to satiation.  Fathead minnow larvae were 12-14 days old post-hatch, rainbow trout 
were 16 days old, and bluegill were 60-90 days old upon test initiation.   

2.1.1.3 Amphipod and Midge Larvae 

Hyalella azteca and Chironomus tentans were obtained from Aquatic BioSystems in Fort 
Collins, Colorado.  The amphipods were sorted by size class and placed in oxygen-saturated 
water contained in 500-ml plastic containers with fine screens at the bottom for use as a 
substrate. The midge larvae were placed in oxygen-saturated water contained in 500-ml plastic 
containers with paper towels as a substrate.  All organism containers were packed into insulated 
ice chests and shipped by overnight delivery service.  Upon arrival at AMEC, organism receipt 
information was recorded, animal condition specified, and physical parameters including pH, 
DO, conductivity, and temperature were measured and recorded.  The organisms were 
acclimated to test conditions in order to promote and confirm animal health prior to test initiation.  
During the acclimation period, animals were observed for any indications of stress (abnormal 
swimming behavior, discoloration) or significant mortality (>10%), and fed a mixture of dilution 
water and Tetramin® flake food to satiation.  Amphipods were 9-12 days old; midge larvae were 
in the second instar stage upon test initiation.   

2.1.1.4 Rotifer 

Brachionus calyciflorus cysts were obtained from MicroBioTests Inc. located in Deinze, Belgium.  
Dry cysts were shipped in 1 ml plastic vials and were received on 1 April 2003 (Lot BC000505, 
expiry 07/31/03).  Cysts were stored in the dark at 4°C until use.   

2.1.1.5 Mosquito Larvae 

Culex pipiens were obtained from Carolina Biological Supply in Burlington, North Carolina.  The 
larvae were placed in plastic bags filled with oxygen-saturated water and shipped in an 
insulated ice chest by overnight delivery service.  Upon arrival at AMEC, organism receipt 
information was recorded, animal condition specified, and physical parameters including pH, 
DO, conductivity, and temperature were measured and recorded.  The organisms were 
acclimated to test conditions in order to promote and confirm animal health prior to test initiation.  
During the acclimation period, animals were observed for any indications of stress (abnormal 
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swimming behavior, discoloration) or significant mortality (>10%), and fed a mixture of dilution 
water and ground trout chow. 

2.1.2 Bioassay Protocol 

2.1.2.1 Daphnid & Fathead Minnow 

Acute Ceriodaphnia dubia and Pimephales promelas bioassays were conducted in accordance 
with USEPA protocols outlined in “Methods for Measuring the Acute Toxicity of Effluents and 
Receiving Waters to Freshwater and Marine Organisms,” Fourth Edition (EPA/600/4-90/027F, 
1993).  Chronic Ceriodaphnia dubia bioassays were conducted in accordance with USEPA 
protocols outlined in “Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Freshwater Organisms,” Third Edition (EPA/600/4-91/002, 1994).    
 

2.1.2.2 Amphipod & Midge Larvae 

The USEPA protocols do not provide guidance for developing aquatic toxicity tests using 
amphipods and midge larvae.  Hyalella azteca and Chironomus tentans bioassays were, 
therefore, conducted using procedures modified from USEPA protocols outlined in “Methods for 
Measuring the Toxicity and Bioaccumulation of Sediment-associated Contaminants with 
Freshwater Invertebrates, Second Edition” (2000) and with American Society for Testing and 
Materials (ASTM) protocols outlined in “Standard Guide for Conducting Sediment Toxicity Tests 
with Freshwater Invertebrates,” E 1383-94 (1994).  The protocols in both of these documents 
were developed for sediment toxicity tests, so slight modifications of the procedures were 
necessary to accommodate water-only exposures. 

2.1.2.3 Rainbow Trout & Bluegill 

The USEPA protocols do not provide guidance for developing aquatic toxicity tests using early 
life stages of these species.  Therefore, acute Oncorhynchus mykiss and Lepomis macrochirus 
bioassays were conducted in accordance with ASTM protocols outlined in “Standard Guide for 
Conducting Early Life-Stage Toxicity Tests with Fishes” (ASTM E1241-98). 

2.1.2.4 Rotifer 

The USEPA protocols do not provide guidance for developing acute or chronic aquatic toxicity 
tests using rotifers.  Acute Brachionus calyciflorus bioassays were, therefore, conducted in 
accordance with ASTM protocols outlined in “Standard Guide for Acute Toxicity Test with the 
Rotifer Brachionus,” (ASTM E1440-91).  Chronic tests followed methods described in “A 2-day 
Life Cycle Test with the Rotifer Brachionus calyciflorus” (Snell, 1992).  

2.1.2.5 Mosquito Larvae 

The USEPA protocols do not provide guidance for developing aquatic toxicity tests using 
mosquito larvae.  Therefore, acute Culex pipiens bioassays were conducted in accordance with 
ASTM protocols outlined in “Standard Guide for Conducting Acute Toxicity Tests on Test 
Materials with Fishes, Macroinvertebrates, and Amphibians” (ASTM E729-96). 
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2.2 TEST DESIGN 

The test designs are summarized in the following sections. 

2.2.1 Range-finding Tests 

Daphnia, fathead minnow, amphipod, and midge larvae acute toxicity range-finding tests were 
conducted using the following concentrations:  0.1, 1.0, 10, 100, and 1,000 milligrams per liter 
(mg/L).  Working stock solutions of 10,000 mg/L were made by weighing 10 g of each chemical 
into 1-L volumetric flasks and adding Nanopure deionized water.  A chronic range-finding test 
with the same exposure concentrations was conducted using Ceriodaphnia only.  Rainbow 
trout, rotifer, and bluegill acute toxicity range-finding tests were conducted using the following 
concentrations:  10, 100, 500, 1000, 5000, and 10,000 mg/L.  Working stock solutions for these 
tests of 100,000 mg/L were made by weighing 100 g of each chemical into 1-L volumetric flasks 
and adding Nanopure deionized water.   
 

2.2.1.1 Daphnid Acute Survival 

One day prior to test initiation, a batch of moderately hard dilution water was prepared (eight 
parts Nanopure deionized water to two parts Perrier mineral water) and aerated overnight.  The 
pH and hardness of the dilution water were measured and recorded to ensure that they were 
within the ranges designated in the protocol (pH 7.9 – 8.3; hardness 80 - 100 mg/L).  Alkalinity 
was also measured and recorded to monitor its consistency in standard laboratory dilution 
water.   

Thirty-ml polystyrene containers were used as test chambers.  Three replicate cups were used 
for each concentration.  Test chambers were placed in a polycarbonate holder with holes 
numbered sequentially from 1 to 18.  A template that identified the test concentration and 
replicate contained in each hole was prepared and maintained.  

Test solutions were prepared by measuring the appropriate amount of chemical stock solution 
into a volumetric flask and adding dilution water.  The pH, DO, temperature, and conductivity in 
each test concentration were measured and recorded.  Fifteen ml of test solution were 
distributed to each test chamber.  Test chambers were placed in a 25°C environmental chamber 
to allow the solutions to equilibrate prior to test initiation.  Upon initiation, five neonates were 
arbitrarily collected from the organism holding bowl and distributed to each test chamber.  All 
counts were verified under a dissecting microscope.  When initial observations were complete, 
the test was returned to the environmental chamber.  Light was provided with cool-white 
fluorescent bulbs and maintained on a 16:8 hour light:dark cycle.  Mortality was monitored for 
each test chamber at 24 and 48 hours.  Measurements of the physical parameters pH, DO, 
conductivity, and temperature were recorded in each test concentration at the end of the 48-
hour test in a composite sample comprised of the contents of the three replicate test chambers.  
The acceptability criterion for this test is mean control survival of 90 percent at exposure 
termination. 
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2.2.1.2 Daphnid Chronic Survival and Reproduction 

One day prior to test initiation, a batch of moderately hard dilution water was prepared (eight 
parts Nanopure deionized water to two parts Perrier mineral water) and aerated overnight.  The 
pH and hardness were measured and recorded to ensure they were within the ranges 
designated in the protocol.  Alkalinity was also measured and recorded to monitor its 
consistency in our dilution water. 

Thirty-ml polystyrene containers were used as test chambers. Five replicate cups were used for 
each concentration.  Test chambers were placed in a polycarbonate holder with holes 
numbered sequentially from 1 to 30.  A template that identified the test concentration and 
replicate contained in each hole was prepared and maintained.  

Test solutions were prepared by measuring the appropriate amount of the chemical stock 
solution into a volumetric flask and adding dilution water.  The pH, DO, temperature, and 
conductivity in each test concentration were measured and recorded.  Fifteen ml of test solution 
were distributed to each test chamber.  Test chambers were placed in a 25°C environmental 
chamber to allow the solutions to equilibrate prior to test initiation.  Upon initiation, one neonate 
was arbitrarily selected from the organism holding bowl and distributed to each test chamber.  
The presence of a single neonate was verified under a dissecting microscope.  When initial 
observations were complete, the test was returned to the environmental chamber.  Light was 
provided with cool-white fluorescent bulbs and maintained on a 16:8 hour light:dark cycle.  
During the next seven days, each test chamber was monitored daily for offspring production, 
mortality, and sublethal effects.  Daily renewals of test solution were made by transferring each 
adult to a new chamber containing fresh test solution of the corresponding concentration.  After 
offspring counts were recorded, the used test solution was pooled by concentration and pH, DO, 
temperature, and conductivity were measured.  At test termination, final observations were 
made, water quality parameters were recorded, and test animals were discarded.  Control 
acceptability criteria for this test are mean survival of 80 percent and 60 percent of surviving 
females producing three or more broods with an average total of 15 neonates produced per 
organism. 

2.2.1.3 Fathead Minnow Acute Survival 

One day prior to test initiation, a batch of moderately hard dilution water was prepared (eight 
parts Nanopure deionized water to two parts Perrier mineral water) and aerated overnight.  The 
pH and hardness were measured and recorded to ensure that they were within the ranges 
designated in the protocol.  Alkalinity was also measured and recorded to monitor its 
consistency in our dilution water. 

The test chamber used for the fathead minnow test was a 1-L plastic beaker.  Two replicate 
cups were tested for each concentration.   

Test solutions were prepared by measuring the appropriate amount of the chemical stock 
solution into a volumetric flask and adding dilution water.  The pH, DO, temperature, and 
conductivity in each test concentration were measured and recorded.  250 ml of test solution 
were distributed to each test chamber.  Test chambers were placed in a 20°C environmental 
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chamber to allow the solutions to equilibrate prior to test initiation.  Upon initiation, ten healthy 
fish larvae were arbitrarily selected and placed in each test chamber.  Counts and initial 
condition of all organisms were verified by a second technician.  When initial observations were 
complete, the test was returned to the environmental chamber.  Light was provided with cool-
white fluorescent bulbs and maintained on a 16:8 hour light:dark cycle.   

Mortality and observable sublethal effects were monitored and documented daily.  Water quality 
parameters (pH, DO, temperature, and conductivity) were measured daily in one replicate from 
each test concentration.  The test was performed under static conditions; there was no renewal 
of the test solutions.  Animals were fed freshly hatched brine shrimp (Artemia) at 48 hours.  At 
96 hours, final water quality measurements were recorded, final counts and observations were 
documented, and the test animals were discarded.  The acceptability criterion for this test is 
mean control survival of 90 percent at test termination. 

2.2.1.4 Amphipod & Midge Larvae Acute Survival 

One day prior to test initiation, a batch of moderately hard dilution water was prepared (eight 
parts Nanopure deionized water to two parts Perrier mineral water) and aerated overnight.  The 
pH and hardness were measured and recorded to ensure that they were within the ranges 
designated in the protocol.  Alkalinity was also measured and recorded to monitor its 
consistency in our dilution water.  It is notable that moderately hard water is not typically the 
dilution water used for these two species.  It was chosen for the range-finding phase of the 
study for consistency and comparability across species, but may have contributed to observed 
variability and was not used for definitive exposures. 

Test chambers for these exposures were 1-L glass jars.  Three replicate jars were used for each 
test concentration.  Hyalella were provided with a 1 in2 piece of fine-mesh screen as a substrate.  
Chironomus were provided with 2 tablespoons per replicate of clean rinsed beach sand 
collected from Torrey Pines Beach in La Jolla, CA.   

Test solutions were prepared by measuring the appropriate amount of the chemical stock 
solution into a volumetric flask and adding dilution water.  The pH, DO, temperature, and 
conductivity in each test concentration were measured and recorded.  250 ml of test solution 
were distributed to each test chamber.  Test chambers were placed in a 20°C environmental 
chamber to allow the solutions to equilibrate prior to test initiation.  Upon initiation, ten healthy-
appearing Hyalella juveniles or Chironomus larvae were arbitrarily selected and distributed to 
the appropriate test chambers.  Counts and initial condition of all organisms were verified by a 
second technician.  When initial observations were complete, tests were returned to the 
environmental chamber.  Light was provided with cool-white fluorescent bulbs and maintained 
on a 16:8 hour light:dark cycle.   

Water quality parameters (pH, DO, temperature, and conductivity) were measured daily in one 
replicate from each test concentration.  The test was performed under static conditions, there 
was no renewal of the test solutions.  Animals were not fed during the 96-hour exposure period.  
At test termination, final water quality measurements were recorded, final counts and 
observations were made and documented, and test animals were discarded.  Control 
acceptability criteria for Hyalella and Chironomus exposures are mean survival results of 80 and 
70 percent, respectively at the end of the exposure. 
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2.2.1.5 Rainbow Trout Acute Survival 

One day prior to test initiation, a batch of moderately hard dilution water was prepared (eight 
parts Nanopure deionized water to two parts Perrier mineral water) and aerated overnight.  The 
pH and hardness were measured and recorded to ensure that they were within the ranges 
designated in the protocol.  Alkalinity was also measured and recorded to monitor its 
consistency in our dilution water.   

The test chambers were 1-L glass containers.  Four replicate chambers each containing five 
organisms were used for each test concentration.   

Test solutions were prepared by measuring the appropriate amount of the chemical stock 
solution into a volumetric flask and adding dilution water.  The pH, DO, temperature, and 
conductivity in each test concentration were measured and recorded.  500 ml of test solution 
were distributed to each test chamber.  Test chambers were placed in a 13°C environmental 
chamber to allow the solutions to equilibrate prior to test initiation.  Upon initiation, ten trout were 
arbitrarily selected and to each test chamber.  Counts and initial condition of all test organisms 
were verified by a second technician.  When initial observations were complete, the test was 
returned to the environmental chamber.  Light was provided with cool-white fluorescent bulbs 
and maintained on a 16:8 hour light:dark cycle.   

Mortality and observable sublethal effects were monitored and documented daily.  Water quality 
parameters (pH, DO, temperature, and conductivity) were measured and recorded daily in one 
replicate from each test concentration.  The test was performed under static conditions; there 
was no renewal of the test solutions.  Animals were not fed during the exposure.  At 96 hours, 
final water quality measurements were recorded, final counts and observations were 
documented, and the test animals were discarded.  The control acceptability criterion for this 
test is a mean survival of 90 percent at the end of the exposure. 

2.2.1.6 Bluegill Acute Survival 

One day prior to test initiation, a batch of Culligan-filtered water (Culligan) was prepared as 
dilution water and aerated overnight.  Culligan was obtained from a city water line connected to 
a permanent series of filters.  The filters are maintained on a regular service schedule.   

The test chambers consisted of 1-L glass containers.  Each concentration consisted of two 
replicate chambers with five organisms in each.   

Test solutions were prepared by measuring the appropriate amount of the chemical stock 
solution into a volumetric flask and adding dilution water.  The pH, DO, temperature, and 
conductivity in each test concentration were measured and recorded.  500 ml of test solution 
were distributed to each test chamber.  Test chambers were placed in a 20°C environmental 
chamber to allow the solutions to equilibrate prior to test initiation.  Upon initiation, ten bluegills 
were arbitrarily selected and placed into each test chamber.   

Counts and initial condition of all test organisms were verified by a second technician.  When 
initial observations were complete, the test was returned to the environmental chamber.  Light 
was provided with cool-white fluorescent bulbs and maintained on a 16:8 hour light:dark cycle.   

  
  
 Page 12 



  
 

Mortality and observable sublethal effects were monitored and documented daily.  Water quality 
parameters (pH, DO, temperature, and conductivity) were measured and recorded daily in one 
replicate from each test concentration.  The test was performed under static conditions; there 
was no renewal of the test solutions.  Animals were not fed during the exposure.  At 96 hours, 
final water quality measurements were recorded, final counts and observations were made, and 
the test animals were discarded.  The acceptability criterion for this test is a mean control 
survival of 90 percent at the end of the exposure. 

2.2.1.7 Rotifer Acute Survival 

Rotifer cyst hatching was initiated one day prior to starting the acute tests.  A vial of cysts was 
rinsed into a Petri dish containing approximately 40 ml of moderately hard synthetic freshwater. 
The Petri dish was then placed in a 25°C environmental chamber under continuous light.  Test 
chambers consisted of covered 48multi-well tissue culture plates.  There were three replicates 
per concentration in the range-finding tests.   

Test solutions were prepared by measuring the appropriate amount of the chemical stock 
solution into a volumetric flask and adding dilution water.  The pH, DO, temperature, and 
conductivity in each test concentration were measured and recorded.  The test solutions were 
then distributed in 0.5 ml aliquots to wells in the test chamber.  The culture plate was then 
placed in a 25°C environmental chamber to allow the solutions to equilibrate prior to test 
initiation.  Rotifer cysts were distributed to test chambers within two hours of hatching.  Five 
healthy appearing rotifer neonates were arbitrarily selected and distributed to each test 
chamber.  Organisms were not fed during the test.  Counts and initial condition of all organisms 
were verified by a second technician.  When initial observations were complete, the multiwell 
plate was wrapped in aluminum foil to provide complete darkness and returned to the 
environmental chamber.  Cups containing 100-ml of each test concentration for use in 
monitoring water quality parameters were prepared as surrogates, covered with aluminum foil, 
and placed in the environmental chamber.  

Mortality was evaluated and recorded after 24 hours of exposure. Water quality parameters (pH, 
DO, temperature, and conductivity) were measured and recorded from each test concentration.  
The test was performed under static conditions; there was no renewal of the test solutions.  The 
acceptability criterion for this test is a mean control survival of 90 percent at the end of the 
exposure. 

2.2.1.8 Mosquito Larvae Acute Survival 

One day prior to test initiation, a batch of Culligan dilution water was prepared and aerated 
overnight.  The test chamber used for the mosquito larvae test was a 400-ml plastic beaker.  
Three replicate cups were tested for each concentration.   

Test solutions were prepared by measuring the appropriate amount of the chemical stock 
solution into a volumetric flask and adding dilution water.  The pH, DO, temperature, and 
conductivity in each test concentration were measured and recorded.  250 ml of test solution 
were distributed to each test chamber.  Test chambers were placed in a 20°C environmental 
chamber to allow the solutions to equilibrate prior to test initiation.  Upon initiation, five healthy 

  
  
 Page 13 



  
 

appearing larvae were arbitrarily selected and distributed to each test chamber.  Counts and 
initial condition of all organisms were verified by a second technician.  When initial observations 
were complete, the test was returned to the environmental chamber.  Light was provided with 
cool-white fluorescent bulbs and maintained on a 16:8 hour light:dark cycle.   

Mortality and observable sublethal effects were monitored and recorded daily.  Water quality 
parameters (pH, DO, temperature, and conductivity) were measured daily in one replicate from 
each test concentration.  The test was performed under static conditions; there was no renewal 
of the test solutions.  Animals were fed a mixture of water and ground trout chow at 48 hours.  
At 96 hours, final water quality measurements were recorded, final counts and observations 
were documented, and the test animals were discarded.  The control acceptability criterion for 
this test is a mean survival of 70 percent.  A published acceptability criterion does not currently 
exist for this species.  The 70 percent value was derived internally based on our experience with 
the organism and is equivalent to that recommended in EPA 2000 for another aquatic insect, 
Chironomus tentans.   

2.2.2 Definitive Tests 

Acute and chronic bioassays with daphnia and acute bioassays using fathead minnow, 
amphipod, and midge larvae were conducted with m-BDSA, BSA, and p-PSA.  The 
concentrations tested were 500, 1,000, 2,000, 4,000, 8,000, and 10,000 mg/L.  Working stock 
solutions of 100,000 mg/L were made by weighing 100 g of each of these chemicals into 1-L 
volumetric flasks and adding Nanopure filtered water. Acute and chronic bioassays for the 
midge larvae were conducted with resorcinol using concentrations of 100, 250, 500, 750, 1,000, 
and 2,000 mg/L.  A working stock solution of 10,000 mg/L was made by weighing 10 g of 
resorcinol into a 1-L volumetric flask and adding Nanopure filtered water.  Rainbow trout, 
bluegill, and mosquito larvae acute toxicity bioassay tests were conducted using the following 
concentrations of m-BDSA, BSA, and p-PSA:  10, 100, 500, 1000, 5000, and 10,000 mg/L.  
Working stock solutions for these tests of 100,000 mg/L were made by weighing 100 g of each 
chemical into 1-L volumetric flasks and adding Nanopure filtered water.  Acute and chronic 
bioassays with rotifers were conducted with m-BDSA and BSA at concentrations of 625, 1,250, 
2,500, 5,000, and 10,000 mg/L and with p-PSA at concentrations of 1,250, 2,500, 5,000, 
10,000, 20,000 mg/L.  Working stock solutions of 100,000 mg/L were made as for the daphnia 
tests. 

2.2.2.1 Daphnid Acute Survival 

Procedures for these bioassays were identical to those used for range-finding bioassays with 
two exceptions: 

1) There were four replicate test chambers per test concentration rather than three; and; 
2) Test chambers were placed in a polycarbonate holder with holes numbered sequentially 

from 1 through 28. 

2.2.2.2 Daphnid Chronic Survival and Reproduction 

Procedures for these bioassays were the same as those for range-finding bioassays with two 
exceptions: 
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1) There were ten replicate test chambers per test concentration rather than five and; 
2) Test chambers were placed in a polycarbonate holder with holes numbered sequentially 

from 1 through 70. 

2.2.2.3 Fathead Minnow Acute Survival 

Procedures for these bioassays were the same as those used for range-finding tests with the 
exception of four replicate test chambers per test concentration rather than two. 

 

2.2.2.4 Amphipod & Midge Larva Acute Survival 

Procedures for these bioassays were the same as those used for range-finding tests with two 
exceptions: 

1) There were five replicate test chambers per test concentration rather than three and; 
2) Culligan was used as dilution water rather than moderately hard water.  This is the 

typical dilution water for Hyalella and Chironomus.   

2.2.2.5 Midge Larvae Chronic Survival and Growth 

Test chambers for this bioassay consisted of 1-L glass jars.  Five replicate jars were used for 
each test concentration.  Chironomus were provided with 2 tablespoons of clean beach sand 
collected from Torrey Pines Beach in La Jolla, CA as a substrate.  Dilution water consisted of 
Culligan water.  The source of water was changed from range-finding exposure due to the 
possibility that the moderately hard dilution water preparation used during that phase of the 
study impacted animal survival and increased variability. 

Test solutions were prepared by measuring the appropriate amount of the resorcinol chemical 
stock solution into a volumetric flask and adding dilution water.  The pH, DO, temperature, and 
conductivity in each test concentration were measured and recorded.  250 ml of test solution 
were distributed to each test chamber.  Test chambers were placed in a 20°C environmental 
chamber to allow the solutions to equilibrate prior to test initiation.  Upon initiation, ten healthy 
appearing Chironomus larvae were arbitrarily selected and distributed to the appropriate test 
chambers.  Counts and initial health of all organisms were verified by a second technician.  
When initial observations were complete, the test was returned to the environmental chamber.  
Light was provided with cool-white fluorescent bulbs and maintained on a 16:8 hour light:dark 
cycle.  Mean initial weight of the Chironomus was determined by placing five arbitrarily selected 
organisms on five replicate-tared plastic pans.  The pans were then placed in an oven at 65°C 
overnight and weighed the following day. 

Water quality parameters (pH, DO, temperature, and conductivity) were measured daily in one 
replicate from each test concentration.  The test was performed under static conditions; there 
was no renewal of test solutions.  Animals were fed a mixture of Culligan and Tetramin® flake 
food every 2-3 days during the 10-day exposure period.  At test termination, final water quality 
measurements were recorded, and final counts and observations were made. Surviving test 
animals then were transferred to tared plastic pans and placed in a drying oven at 65°C 
overnight.  Dry weights were measured and the average growth per organism was estimated 
relative to the initial weight data collected on test day zero. 
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2.2.2.6 Rainbow Trout Acute Survival 

Due to the results of the range-finding series, identical concentrations were used for the 
definitive series.  Procedures for these bioassays were the same as those used for range-
finding tests. 

2.2.2.7 Bluegill Acute Survival 

Due to the results of the range-finding series, identical concentrations were used for the 
definitive series.  Procedures for these bioassays were the same as those used for range-
finding tests with the exception of testing three replicates instead of two. 

2.2.2.8 Rotifer Acute Survival 

Procedures for these bioassays were identical to those used for range-finding bioassays with 
the exception of using eight replicate test chambers per test concentrations rather than three.   

2.2.2.9 Rotifer Chronic Population Increase  

Procedures for the chronic bioassays were identical to those used for range-finding bioassays 
with the following exceptions: 

1) There were eight replicate chambers, rather than three;  
2) There was one rotifer neonate added to each well in the tissue culture plate, rather than 

five; 
3) Organisms were fed by adding 1 x 106 Selenastrum capricornutum cells per rotifer; 
4) Final number of organisms in each test chamber was counted and recorded after 48 

hours of exposure and rate of population increase was calculated; and 
5) Test acceptability criterion was control performance of r > 0.7 (r is the intrinsic rate of 

population increase). 
 

2.2.2.10 Mosquito Larvae 

Due to the increased variability and low survival throughout the range-finding series, the 
definitive study was conducted using identical concentrations.  Procedures for these bioassays 
were the same as those used for range-finding tests with two exceptions: 

1) There were five replicate test chambers per test concentration rather than three and; 
2) Larvae were fed daily. 

2.2.3 Reference Toxicant Testing 

Reference toxicant testing with copper (II) chloride was performed either concurrent to or within 
one week of all Daphnia, fathead minnow, Chironomus, and Hyalella range-finding and 
definitive tests.  A concurrent reference toxicant test using potassium dichromate was 
conducted with the rotifer definitive tests.  Reference toxicant testing is a quality 
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assurance/quality control (QA/QC) procedure performed to confirm the health and toxicant 
susceptibility of test organisms and demonstrate the use of proper and consistent test 
conditions and procedures (EPA 1993a).  Test concentrations of reference toxicant material 
varied across species, and were based on past dose responses and lethal concentrations 
derived in the AMEC Laboratory (Table 5).  Due to a lack of an internal reference toxicant 
database for bluegill, mosquito, and rainbow trout, reference toxicant testing was not conducted 
with these species. 

2.3 STATISTICAL ANALYSES 

For acute exposures (including reference toxicants), mean survival in each replicate was 
transformed into a percentage.  Percentage data were arcsine square-root transformed to 
normalize the distribution of the data prior to statistical analysis.  Normality of the data was 
checked with the Shapiro-Wilks Test.  Steel’s Many-one Rank Test, the Wilcoxon Rank Sum 
Test, or Dunnett’s Test was used to identify significant differences between concentrations.  For 
Ceriodaphnia dubia chronic bioassays, the Kolmogorov-Smirnov test was used to check the 
normality of the data.  Survival data for Ceriodaphnia were evaluated with Fisher’s exact P test, 
while the reproduction data were evaluated with either Steel’s Many-one Rank Test, or the 
Wilcoxon Rank Sum Test.  For the Chironomus tentans chronic exposure, normality of the data 
was checked using the Shapiro-Wilks test.  Survival data were evaluated using Steel’s Many-
one Rank Test and differences in growth data were evaluated using Student’s t-tests.  Survival 
and net production/intrinsic population increase were evaluated for the Brachionus acute and 
chronic tests, respectively. The rate of intrinsic population increase (r) from the chronic rotifer 
data was calculated using the equation: 

r = ln Nt – ln No / T 

where Nt is the number of rotifers after 2 days, No is the initial number of rotifers, and T is the 
time of exposure (i.e. 2 days).  Normality of data was checked using Shapiro-Wilk’s Test prior to 
analyzing for variance using Bartlett’s Test and comparing concentration response using 
Dunnett’s test or Bonferroni t test.  When no survivors were present in a concentration, the 
natural logarithm of the number of rotifers could not be calculated and used to determine EC50 
values.  In this case, net rotifer production was used following the same statistical steps outlined 
above. 

LC50 values were calculated for all range-finding, definitive, and reference toxicant test sets that 
exhibited a dose-response curve.  These endpoints were calculated with Probit, Trimmed 
Spearman-Karber, or Linear Interpolation methods using ToxCalc Comprehensive Toxicity Data 
Analysis and Database Software, Version 5.0.  The choice of statistical method was dependent 
upon specific model assumptions met or not met by the data as addressed in EPA (1993a).  
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3.0 DATA SUMMARIES 

Test results are summarized in Table 6.  Survival and LC50/EC50 summaries, rangefinder water 
quality data and statistics, definitive water quality data and statistics, and reference toxicant data 
are contained in Appendices A, B, C, and D, respectively.  Chain-of-custody information is 
located in Appendix E.   

Control criteria were met or exceeded for all tests conducted with the exception of the 
Chironomus range-finding tests with m-BDSA, BSA, and resorcinol.  Controls for these tests 
were below the acceptability criterion of 70 percent survival.  In this case, the control conducted 
with the concurrent p-PSA test was substituted for comparison purposes and reflects the same 
batch of animals and conditions.   

All reference toxicant tests met control survival criteria.  The LC50 value calculated for all tests 
fell within internal control chart limits of ± two standard deviations (Appendix D).  This indicates 
that test organism sensitivity during this series of tests was similar to that of organisms 
historically tested at AMEC. 

3.1 RANGE-FINDING TESTS 

Two species, Chironomus and Brachionus, exhibited a significant response during the range-
finding studies.  Survival of Chironomus was zero percent in the highest concentration of 
resorcinol tested with an LC50 of 86.7 mg/L.  Survival of Brachionus was seven percent in the 
highest concentration of m-BDSA tested and 53 percent in the second highest tested.  The 
calculated LC50 for m-BDSA was 5190 mg/L.  Although the calculated LC50 for Brachionus in 
BSA was >10,000, it did exhibit a slight dose response to BSA with 53 percent survival in the 
highest concentration tested.  No significant response was exhibited by any other species for 
any chemical tested during this phase. 

3.2 DEFINITIVE TESTS 

Three organisms, Ceriodaphnia, Chironomus, and Brachionus exhibited a dose response to the 
chemicals tested during the definitive assays.  No significant response was exhibited by any 
other species for the chemicals tested during this phase.   

The daphnids demonstrated both an acute and chronic response to the three chemicals tested.  
Mean survival of daphnids in the acute exposures was 10, 0, and 10 percent in the highest 
concentration tested (10,000 mg/L) for m-BDSA, BSA, and p-PSA, respectively (see Appendix 
Tables A-5, A-6, and A-7).  Acute 48-hr LC50 values of 6880, 4980, and 7500 mg/L were 
calculated for m-BDSA, BSA, and p-PSA, respectively.  LC50 values for the chronic tests were 
3470, 5240, and 5280 mg/L for m-BDSA, BSA, and p-PSA, respectively.  EC50 values for the 
reproductive endpoint were 3440, 3080, and 1030 mg/L for m-BDSA, BSA, and p-PSA, 
respectively.  It should be noted that C. dubia is known to be sensitive to waters with high 
conductivity.  Recent experience in the AMEC laboratory, including a recent experiment 
specifically addressing this issue, suggests that levels above approximately 2000 mhos-cm can 
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impair survival and reproduction of C. dubia.  Conductivities in the highest concentrations tested 
for m-BDSA, BSA, and p-PSA were well above levels expected to cause effects (approx. 5800, 
4100, and 3100 mhos-cm, respectively).   

Chironomus demonstrated both an acute and chronic response to one chemical, resorcinol.  
LC50 values of 147 and 118 mg/L were obtained for acute and chronic exposures (see Appendix 
Table A-8).  Due to the relatively low survival in the chronic exposure, an EC50 value of >100 
mg/L was calculated for the growth endpoint, so survival information should drive the use of this 
assay as a decision-making tool.   

Brachionus demonstrated both an acute and chronic response to the three chemicals tested.  
Mean survival of rotifers in the acute exposures was zero percent in the highest concentration 
tested (10,000 mg/L) for all chemicals (see Appendix Tables A-5, A-6, and A-7).  Acute 24-hr 
LC50 values of 6598, 6950, and 10175 mg/L were calculated for m-BDSA, BSA, and p-PSA, 
respectively.  Net 48-hour organism production for the chronic tests was 0.6, 0, and 0 organisms 
for the highest concentrations of m-BDSA, BSA, and p-PSA, respectively.  EC50 values for this 
endpoint were 7436, 6439, and 7873 mg/L for m-BDSA, BSA, and p-PSA, respectively. EC50 
values for the intrinsic population increase endpoint were 8907, >5000, and 9869 mg/L for m-
BDSA, BSA, and p-PSA, respectively. 

These results have been used to calculate genus mean acute values that are presented in 
Table 7 along with the corresponding data requirements from Stephan et al. (1985).  Thus, for 
example, an acute LC50 of 0.147 mg/L for the midge (Chironomus tentans) was developed for 
resorcinol specifically to complete the last data requirement that was not satisfied by literature 
values obtained from ECOTOX (Table 7).  In addition, a chronic toxicity test was also performed 
to develop chronic values (Table 7) to calculate an ACR for resorcinol because suitable chronic 
toxicity test information was not found in ECOTOX. 
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4.0 RESULTS AND DISCUSSION 

To derive an AWQC, acceptable aquatic toxicity tests results should be available to satisfy each 
of the eight requirements presented in Table 1.  Review of the available literature in the USEPA 
ECOTOX database indicated that toxicity test data for resorcinol were available for twelve 
separate genera.  Of these data, seven genera were applicable to satisfying the eight data 
requirements (Table 2).  An acute LC50 of 0.147 mg/L for the midge (Chironomus tentans) was 
subsequently developed specifically to complete the last data requirement that was not satisfied 
by the literature values obtained from the ECOTOX database (Table 7).  In addition, a chronic 
toxicity test was also performed to develop chronic values (Table 7) that were needed to 
calculate an ACR for resorcinol because suitable chronic toxicity test information was not found 
in ECOTOX. 

No useable data were found in ECOTOX for m-BDSA.  One value was found for BSA (Table 3); 
however, the exposure time period for Daphnia magna was longer than the USEPA guidelines 
(Stephan et al., 1985).  Ten ECOTOX records were found for p-PSA and two of the LC50s 
initially appeared valid based on test organism and duration requirements (Stephan et al., 
1985).  One was a 48-hr LC50 for Daphnia magna and the second was a 96-hr LC50 for Lymnaea 
sp (pond snail).  Both of these LC50s were published in a 1965 article (Dowden and Bennett, 
1965).  Because these tests were conducted over 40 years ago and USEPA has specific 
aquatic toxicity test requirements for toxicity test results to be usable, the papers were reviewed 
in detail.     Dowden and Bennett (1965) did not present details of the experimental methods for 
the daphnia magna tests.  The authors cite a 1948 grey literature source that could not be 
obtained for review.  Consequently, it was not possible to verify that USEPA guidelines or ASTM 
Standard Bioassay Testing protocols were adhered to.  Upon review of cross-referenced articles 
cited in Dowden and Bennett (1965) for general methodologies, it was determined that enough 
uncertainty exists in the testing procedures to warrant exclusion of the Dowden and Bennett 
(1965) toxicity test results from the AWQC derivation.  Specifically, it was not possible to confirm 
that neonatal daphnids were used in the test and that the daphnids were not fed during the test, 
as required by USEPA guidelines (Stephan et al., 1985).  In fact, it does appear that the 
daphnids were fed based on review of the cross-referenced articles.  Detailed review of Dowden 
and Bennett (1965) reveals that the exact species of pond snail tested was not identified and 
minimal specific information is provided on the test protocols.  In addition, reference water was 
obtained from a university lake for both the daphnid and snail tests where current protocols 
require laboratory derived water.  Because of these factors, the results from the Dowden and 
Bennett (1965) daphnia toxicity tests are not used in AWQC derivation. 

Acute and chronic toxicity tests were conducted on eight test organisms specifically for 
developing an FAV for these three compounds.  Both the preliminary and definitive acute 
aquatic toxicity tests indicated that, for most test organisms, acute toxicity was not observed at 
the highest concentrations of m-BDSA, BSA, and p-PSA tested (>10,000 mg/L).  For these test 
organisms and compounds, the highest value tested was conservatively assumed to represent 
the LC50 for calculating acute and chronic criteria.  Acute LC50 values were developed from the 
Ceriodaphnia dubia tests for m-BDSA (6,884 mg/L), BSA (4,984 mg/L), and p-PSA (7,497 
mg/L).  Table 7 presents the results for the acute and chronic toxicity tests performed with these 
compounds.   

  
  
 Page 20 



  
 

Because both acute and chronic toxicity tests were performed for three species, ACRs were 
calculated for m-BDSA, BSA, p-PSA, and resorcinol (Table 8).  The ACRs ranged from less 
than one to 7.3, and all are much less than the default value of 18 assumed by USEPA (1995).  
Table 8 also presents the compound-specific ACRs that were developed for these compounds 
based upon the acute and chronic toxicity test results and the USEPA (1995) protocol. 

The values presented in Tables 2, 7, and 8 were used with the procedures described by 
Stephan et al. (1985) to calculate FAVs, CMCs and CCCs for m-BDSA, BSA, p-PSA, and 
resorcinol (Table 9).  Final CMCs (acute AWQC) and CCCs (chronic AWQC) for m-BDSA, BSA, 
p-PSA, and resorcinol are summarized below: 

 

Compound CMC (mg/L) CCC (mg/L) 
benzene metadisulfonic acid 
(m-BDSA)  
 

2,592 1,620 

benzene monosulfonic acid 
(BSA)  
 

1,956 1,151 

p-phenol sulfonic acid 
(p-PSA)  
 

3,482 1,363 

Resorcinol 28 7.18 

 

The CMC and CCC values were developed according to established USEPA protocols which, in 
turn, have been adopted by the Commonwealth of Pennsylvania. 
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Table 1
Ambient Water Quality Data Requirements

Acute Freshwater Animal (1)
a. The family Salmonidae in the class Osteichthyes 
b. One other family (preferably a commercially or recreationally important, warmwater species) in 
the class Osteichthyes (e.g. bluegill, channel catfish)
c. A third family in the phylum Chordata (e.g. fish, amphibian)
d. A planktonic crustacean (e.g. a cladoceran, copepod)
e. A benthic crustacean (e.g. ostracod, isopod, amphipod, crayfish)
f. An insect (e.g. mayfly, dragonfly, damselfly, stonefly, caddisfly, mosquito, midge)
g. A family in a phylum other than Arthropod or Chordata (e.g. Rotifera, Annelida, Mollusca)
h. A family in any order of insect or any phylum not already represented

Freshwater Plant

Results of at least one acceptable test with a freshwater algae or vascular plant is desirable but 
not required for criterion derivation.  If plants are among the aquatic organisms most sensitive to 
the material, results of a test with a plant in another phylum (division) should also be available

Chronic Freshwater Animals
Acute-Chronic Ratios (ACRs) with at least one species of aquatic animal in at least three 
different families provided that of the three species (2):
a. At least one is a fish
b. At least one is an invertebrate
c. At least one species is an acutely sensitive freshwater species (the other two may be saltwater
species)

Notes:
(1) Conducting all tests satisfies the requirements for calculating the final acute value.

(2) If fewer than three acceptable experimentally determined ACRs are available, use enough 
assumed ACRs of 18 so that the total number of ACRs equals three.  Calculate the final ACR as 
the geometric mean of the three ACRs.



AWQC Data Requirements Scientific Name Common Name Endpoint Effect ECOTOX 
Ref # Author (Pub Year) Doc 

Code
GMAV 
(ug/L)

GMAV 
Used in 

AWQC? (i.e. 
lowest four)

Oncorhynchus mykiss Rainbow trout EC50 DVP 60 d 2852 Van Leeuwen et al (1990) C 260,000 ug/L
Oncorhynchus mykiss Rainbow trout LC50 MOR 60 d 2852 Van Leeuwen et al (1990) C 320,000 ug/L
Oncorhynchus mykiss Rainbow trout LC50 MOR 96 hr 569 DeGraeve et al (1980) M 100,000 ug/L 100,000 Yes
Oncorhynchus mykiss Rainbow trout LOEC MOR 60 d 2852 Van Leeuwen et al (1990) C 320,000 ug/L
Oncorhynchus mykiss Rainbow trout LOEC NOC 60 d 2852 Van Leeuwen et al (1990) C 320,000 ug/L
Oncorhynchus mykiss Rainbow trout LOEC GRO 60 d 2852 Van Leeuwen et al (1990) C 100,000 ug/L
Oncorhynchus mykiss Rainbow trout LOEC GRO 60 d 2852 Van Leeuwen et al (1990) C 32,000 ug/L
Pimephales promelas Fathead minnow LC50 MOR 24 hr 5735 Curtis et al (1978) M 88,600 ug/L
Pimephales promelas Fathead minnow LC50 MOR 48 hr 5735 Curtis et al (1978) M 72,600 ug/L
Pimephales promelas Fathead minnow LC50 MOR 96 hr 5735 Curtis et al (1978) M 56,500 ug/L
Pimephales promelas Fathead minnow LC50 MOR 96 hr 5735 Curtis et al (1978) M 49,500 ug/L
Pimephales promelas Fathead minnow LC50 MOR 24 hr 875 Curtis et al (1979) C 88,600 ug/L
Pimephales promelas Fathead minnow LC50 MOR 48 hr 875 Curtis et al (1979) C 72,600 ug/L
Pimephales promelas Fathead minnow LC50 MOR 96 hr 875 Curtis et al (1979) C 53,400 ug/L
Pimephales promelas Fathead minnow LC50 MOR 96 hr 569 DeGraeve et al (1980) C 100,000 ug/L
Pimephales promelas Fathead minnow LC50 MOR 96 hr 2965 Curtis and Ward (1981) C 60,000 ug/L
Pimephales promelas Fathead minnow LC50 MOR 96 hr 11951 Ewell et al (1986) C 40,000 ug/L
Pimephales promelas Fathead minnow LC50 MOR 96 hr 59196 Bergman and Anderson (1977) M 100,000 ug/L 62,157 Yes

Lepidocephalichthyes guntea Fish LC50 MOR 24 hr 19085 Sangli et al (1998) C 80,000 ug/L
Lepidocephalichthyes guntea Fish LC50 MOR 48 hr 19085 Sangli et al (1998) C 77,000 ug/L
Lepidocephalichthyes guntea Fish LC50 MOR 72 hr 19085 Sangli et al (1998) C 75,000 ug/L
Lepidocephalichthyes guntea Fish LC50 MOR 96 hr 19085 Sangli et al (1998) C 73,000 ug/L 73,000 Yes

Daphnia Water flea LD50 MOR 48 hr 58990 Bringmann, G., and R. Kuhn (1960) M 800,000 ug/L
Daphnia magna Water flea LC50 MOR 96 hr 11951 Ewell et al (1986) C 250 ug/L
Daphnia pulex Water flea LC50 MOR 96 hr 6256 Trabalka, J.R., and M.B. Burch (1978) M 900 ug/L

Daphnia pulicaria Water flea LC50 MOR 48 hr 569 DeGraeve et al (1980) M 100,000 ug/L 282,843 No

e. A benthic crustacean (e.g. 
ostracod, isopod, amphipod, 
crayfish)

Gammarus fasciatus Scud LC50 MOR 96 hr 11951 Ewell et al (1986) C 100,000 ug/L 100,000 Yes

Test 
Duration

b. One other family (preferably 
a commercially or 
recreationally important, 
warmwater species) in the 
class Osteichthyes (e.g. 
bluegill, channel catfish)

c. A third family in the phylum 
Chordata (e.g. fish, 
amphibian)

d. A planktonic crustacean 
(e.g. a cladoceran, copepod)

Conc Mean

Table 2
Relevant Resorcinol Toxicity Data from USEPA ECOTOX

a. 
The family Salmonidae in the 
class Osteichthyes 
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AWQC Data Requirements Scientific Name Common Name Endpoint Effect ECOTOX 
Ref # Author (Pub Year) Doc 

Code
GMAV 
(ug/L)

GMAV 
Used in 

AWQC? (i.e. 
lowest four)

Test 
Duration Conc Mean

Table 2
Relevant Resorcinol Toxicity Data from USEPA ECOTOX

f. An insect (e.g. mayfly, 
dragonfly, damselfly, stonefly, 
caddisfly, mosquito, midge)

g. A family in a phylum other 
than Arthropod or Chordata 
(e.g. Rotifera, Annelida, 
Mollusca)

Helisoma trivolvis Ramshorn snail LC50 MOR 96 hr 11951 Ewell et al (1986) C 100,000 ug/L 100,000 No

h. A family in any order of 
insect or any phylum not 
already represented.

Dugesia tigrina Turbellarian, flatworm LC50 MOR 96 hr 11951 Ewell et al (1986) C 100,000 ug/L 100,000 No

Danio rerio Zebra danio EC50 DVP 7 d 2852 Van Leeuwen et al (1990) C 54,800 ug/L
Danio rerio Zebra danio LC50 MOR 7 d 2852 Van Leeuwen et al (1990) C 262,000 ug/L
Danio rerio Zebra danio LOEC MOR 7 d 2852 Van Leeuwen et al (1990) C 320,000 ug/L
Danio rerio Zebra danio LOEC NOC 7 d 2852 Van Leeuwen et al (1990) C 100,000 ug/L

Asellus intermedius Aquatic sowbug LC50 MOR 96 hr 11951 Ewell et al (1986) C 100,000 ug/L 100,000 No
Lumbriculus variegatus Oligochaete, worm LC50 MOR 96 hr 11951 Ewell et al (1986) C 100,000 ug/L 100,000 No

Elodea canadensis Waterweed EC50 POP 9 d 14483 Stom, D.I., and R. Roth (1981) M 143,143 ug/L 143,143

Lemna minor Duckweed EC50 POP 12 d 14483 Stom, D.I., and R. Roth (1981) M 165,165 ug/L 165,165

Notes: 
1. Data listed in this table are freshwater results with a Document Code of "C" or "M" and Endpoint Codes not "NR".
2. Abbreviation/codes are as reported in ECOTOX (USEPA, 2006; http://cfpub.epa.gov/ecotox/).
3. Highlighted rows indicate data that met the USEPA AWQC Guidelines (Stephan et al., 1985) for calculation of the GMAV and Final Acute Value (FAV).

Additional Aquatic Toxicity Test Data

Freshwater Plant Toxicity Test Data
Results of at least one 
acceptable test with a 
freshwater algae or vascular 
plant.

3 of 10



Chemical Name AWQC Data Requirements Scientific Name Common 
Name Endpoint Effect ECOTOX 

Ref # Author (Pub Year) Doc 
Code

Sodium benzenesulfonate 
(BSA)

d. A planktonic crustacean 
(e.g. a cladoceran, copepod) Daphnia magna Water flea LC50 MOR 4.2 d 8066 Freeman (1953) M 2,840,000 ug/L

4-Hydroxybenzenesulfonic 
acid, Monosodium salt 
(p-PSA)

b. One other family (preferably 
a commercially or 
recreationally important, 
warmwater species) in the 
class Osteichthyes (e.g. 
bluegill, channel catfish)

Lepomis macrochirus Bluegill LC50 MOR 100 hr 915 Dowden and Bennett (1965) M 19,616,000 ug/L

d. A planktonic crustacean 
(e.g. a cladoceran, copepod) Daphnia magna Water flea LC50 MOR 4.2 d 8066 Freeman (1953) M 1,876,000 ug/L

Daphnia magna Water flea LC50 MOR 24 hr 915 Dowden and Bennett (1965) M 13,510,000 ug/L
Daphnia magna Water flea LC50

* MOR 48 hr 915 Dowden and Bennett (1965) M 13,510,000 ug/L
Daphnia magna Water flea LC50 MOR 72 hr 915 Dowden and Bennett (1965) M 3,494,000 ug/L
Daphnia magna Water flea LC50 MOR 96 hr 915 Dowden and Bennett (1965) M 1,471,000 ug/L

Lymnaea sp. Pond snail LC50 MOR 24 hr 915 Dowden and Bennett (1965) M 10,700,000 ug/L
Lymnaea sp. Pond snail LC50 MOR 48 hr 915 Dowden and Bennett (1965) M 9,122,000 ug/L
Lymnaea sp. Pond snail LC50 MOR 72 hr 915 Dowden and Bennett (1965) M 8,828,000 ug/L
Lymnaea sp. Pond snail LC50

** MOR 96 hr 915 Dowden and Bennett (1965) M 8,828,000 ug/L
Notes: 
1. Data listed in this table are freshwater results with a Document Code of "C" or "M" and Endpoint Codes not "NR".
2. Abbreviation/codes are as reported in ECOTOX (USEPA, 2006; http://cfpub.epa.gov/ecotox/).
3. Highlighted rows indicate data that met the USEPA AWQC Guidelines (Stephan et al., 1985) for calculation of the GMAV and Final Acute Value (FAV).

Relevant Sulfonate Toxicity Data from USEPA ECOTOX
Table 3

Test 
Duration

Concentration 
Mean

4. * -Based on test species and duration requirments, the 48-hr LC50 for Daphnia magna  appears to meet the USEPA AWQC Guidelines (Stephan et al., 1985) for use in the calculation of 
GMAV and/or FAV.  However, after obtaining the original article  which is over 40 years old, AMEC considers this result inappropriate for AWQC derivation based on the following reasons:  
questionable test organisms (age unclear, required to be less than 24 hours old at test inception), media (lakewater as control water) and feeding regimens (daphnids appear to have been fed, 
which is not recommended in Stephan et al (1985)).  These testing methods would not meet current USEPA or ASTM bioassay protocols for Standard Toxicity Testing if they were condcuted 
present day. See text for further discussion.
5. ** -Based on test species and duration requirments, the 96-hr LC50 for the pond snail appears to meet the USEPA AWQC Guidelines (Stephan et al., 1985) for use in the calculation of GMAV 
and/or FAV.  However, after obtaining the original article  which is over 40 years old, AMEC considers this result inappropriate for AWQC derivation based on the following reasons: questionable 
test organisms of unidentified species  and collected from local waterbodies (not laboratory born) and media (lakewater as control water).   These testing methods would not meet current USEPA 
or ASTM bioassay protocols for Standard Toxicity Testing if they were condcuted present day. See text for further discussion.

g. A family in a phylum other than 
Arthropod or Chordata (e.g. Rotifera, 
Annelida, Mollusca)



Species & Test Type
m-BDSA BSA p-PSA Resorcinol

Ceriodaphnia dubia  (water 
flea) Acute Exposure X X X

Ceriodaphnia dubia  (water 
flea) Chronic Exposure X X X

Pimephales promelas 
(fathead minnow) Acute 

Exposure
X X X

Hyalella azteca  (amphipod) 
Acute Exposure X X X

Chironomus tentans 
(midge) Acute Exposure X X X X

Chironomus tentans 
(midge) Chronic Exposure 

(definitive only)
X X X X

Oncorhynchus mykiss 
(rainbow trout)  Acute 

Exposure
X X X

Lepomis macrochirus 
(bluegill)  Acute Exposure X X X

Brachionus calyciflorus 
(rotifer) Acute Exposure X X X
Brachionus calyciflorus 

(rotifer) Chronic Exposure X X X
Culex pipiens  (mosquito) 

Acute Exposure X X X

Chemical Tested

Chemical and Species/Test type Matrix for Range-Finding 
and Definitive Test Series

Table 4



Species & Test Type Test Concentrations and Toxicant
Ceriodaphnia dubia  -    

Acute Exposure 0, 3.125, 6.25, 12.5, 25, and 50 μg/L Copper
Ceriodaphnia dubia - 

Chronic Exposure 0, 12.5, 25, 50, 100, and 200 μg/L Copper
Pimephales promelas  - 

Acute Exposure 0, 15, 30, 60, 120, and 240 μg/L Copper
Hyalella azteca  -       
Acute Exposure 0, 100, 200, 400, 800, and 1,600 μg/L Copper

Chironomus tentans  - 
Acute Exposure 0, 187.5, 375, 750, 1,500, and 3,000 μg/L Copper

Brachionus calyciflorus - 
Acute Exposure

0, 2.5, 5.0, 10, 20, and 40 mg/L Potassium 
Dichromate

Brachionus calyciflorus - 
Chronic Exposure

0, 1.25, 2.5, 5.0, 10, and 20 mg/L Potassium 
Dichromate

Table 5
Summary of the Nominal Concentrations Used for Reference 

Toxicant Testing - Copper (II) Chloride and Potassium 
Dichromate



Species/Procedure m-BDSA BSA p-PSA Resorcinol
Range-finding Assays
Acute Ceriodaphnia >1,000 >1,000 >1,000 NT
Chronic Ceriodaphnia 
Survival >1,000 >1,000 >1,000 NT
Chronic Ceriodaphnia 
Reproduction >1,000 >1,000 >1,000 NT
Acute Pimephales >1,000 >1,000 >1,000 NT
Acute Hyalella >1,000 >1,000 >1,000 NT
Acute Chironomus >1,000 >1,000 >1,000 86.7
Acute Oncorhynchus >10,000 >10,000 >10,000 NT
Acute Lepomis >10,000 >10,000 >10,000 NT
Acute Brachionus 5190 >10,000 >10,000 NT
Acute Culex NT NT NT NT
Definitive Assays
Acute Ceriodaphnia 6,884 4,984 7,497 NT
Chronic Ceriodaphnia 
Survival 3,474 5,238 5,278 NT
Chronic Ceriodaphnia 
Reproduction 3,436 3,078 1,027 NT
Acute Pimephales >10,000 >10,000 >10,000 NT
Acute Hyalella >10,000 >10,000 >10,000 NT
Acute Chironomus >10,000 >10,000 >10,000 147

Chronic Chironomus Survival
NT NT NT

118

Chronic Chironomus Growth
NT NT NT

>100
Acute Oncorhynchus >10,000 >10,000 >10,000 NT
Acute Lepomis >10,000 >10,000 >10,000 NT
Acute Brachionus 6,598 6,950 10,175 NT
Chronic Brachionus  Net 
Production 7,436 6,439 7,873 NT
Chronic Brachionus 
Population Increase 8,907 >5,000 9,869 NT
Acute Culex >10,000 >10,000 >10,000 NT

Table 6
Summary LC50 and EC50 reported in mg/L



Tier 1 Requirements(1) Scientific name, 
Common name Endpoint m-BDSA 

(mg/L)
BSA 

(mg/L)
p-PSA 
(mg/L)

Resorcinol 
(mg/L)

Acute Freshwater Animal
a. The family Salmonidae in the class Osteichthyes Oncorhynchus mykiss 

(rainbow trout)
96 hr LC50 >10,000 >10,000 >10,000

b. One other family (preferably a commercially or recreationally 
important, warmwater species) in the class Osteichthyes (e.g. 
bluegill, channel catfish)

Lepomis macrochirus  (bluegill) 96 hr LC50 >10,000 >10,000 >10,000

c. A third family in the phylum Chordata (e.g. fish, amphibian) Pimephales promelas (fathead 
minnow)

96 hr LC50 >10,000 >10,000 >10,000

d. A planktonic crustacean (e.g. a cladoceran, copepod) Ceriodaphnia dubia  (water 
flea)

48 hr LC50 6,884 4,984 7,497

e. A benthic crustacean (e.g. ostracod, isopod, amphipod, crayfish) Hyalella azteca  (amphipod) 96 hr LC50 >10,000 >10,000 >10,000

f. An insect (e.g. mayfly, dragonfly, damselfly, stonefly, caddisfly, 
mosquito, midge) Culex pipiens (mosquito) 96 hr LC50 >10,000 >10,000 >10,000

f. An insect (e.g. mayfly, dragonfly, damselfly, stonefly, caddisfly, 
mosquito, midge) Chironomus tentans  (midge) 96 hr LC50 147

g. A family in a phylum other than Arthropod or Chordata (e.g. 
Rotifera, Annelida, Mollusca)

Brachionus calyciflorus (rotifer) 
(1)

24 hr LC50 6,598 6,950 10,175

h. A family in any order of insect or any phylum not already 
represented

Chironomus tentans  (midge 
larvae)

96 hr LC50 >10,000 >10,000 >10,000

Freshwater Plant

Results of at least one acceptable test with a freshwater algae or 
vascular plant is desirable but not required for criterion derivation.  If 
plants are among the aquatic organisms most sensitive to the 
material, results of a test with a plant in another phylum (division) 
should also be available

Selanstrum capricornutum  
(algae) (2)

96 hr LC50 >1,000 >1,000 >1,000

b. At least one is an invertebrate Ceriodaphnia dubia (water flea) 
(3) 7 day survival 3,474 5,238 5,278

Ceriodaphnia dubia (water flea) 
(3)

7 day 
reproduction 3,436 3,078 1,027

b. At least one is an invertebrate Chironomus tentans  (midge) 
(4) 7 day survival 117

Chironomus tentans  (midge) 
(4) 7 day growth >100

c. At least one species is an acutely sensitive freshwater species (the 
other two may be saltwater species)

Brachionus calyciflorus (rotifer) 
(5)

48 hr net 
production 7,436 6,439 7,873

Brachionus calyciflorus (rotifer) 
(5)

48 hr population 
increase 8,907 >5,000 9,869

Notes:

(5) The acute-to-chronic ratio for this species was 0.89 for m-BDSA, 1.08 for BSA, and 1.29 for p-PSA.

Table 7
Acute and Chronic Toxicity Test Results for the Test Compounds

(2) Toxicity tests for the algae were conducted in the AMEC San Diego Laboratory (AMEC, 2002).
(3) The acute-to-chronic ratio for this species was 1.92 for m-BDSA, 1.62 for BSA, and 7.3 for p-PSA.

Chronic Freshwater Animals

(1) Toxicity tests for the rotifer were conducted in the AMEC Northwest Bioassay Laboratory.  All other tests were conducted in the AMEC San Diego Laboratory (AMEC, 2003).

(4) The acute-to-chronic ratio for this species was 1.47 for resorcinol.



m-BDSA 
(mg/L)

BSA 
(mg/L)

p-PSA 
(mg/L)

Resorcinol 
(mg/L)

Ceriodaphnia dubia  (water flea) 1.92 1.62 7.30
Brachionus calyciflorus (rotifer) 0.89 1.08 1.29

Chironomus tentans  (midge) 1.47

Final ACR (1) 3.2 3.4 5.10 7.81
Notes:

Table 8
Acute to Chronic Ratio Calculations

(1) If fewer than three acceptable experimentally determined ACRs are available, use 
enough assumed ACRs of 18 so that the total number of ACRs equals three.



m-BDSA 
(mg/L)

BSA 
(mg/L)

p-PSA 
(mg/L)

Resorcinol 
(mg/L)

Final Acute Value (FAV) 5,185 3,912 6,951 56
Criterion Maximum 
Concentration (CMC) 2,592 1,956 3,476 28

Final Acute to Chronic 
Ratio 3 3 5 8

Criterion Continuous 
Concentration (CCC) 1,620 1,151 1,363 7.18

Table 9
Ambient Water Quality Criteria Calculations



Scientific Name Common Name Type of Test Endpoint
Effect 

Concentration 
(ug/L)

Daphnia magna Water Flea Survival 21-day NOEC 172

Daphnia magna Water Flea Survival 21-day LOEC > 172

Daphnia magna Water Flea Survival 21-day EC50 > 172

Daphnia magna Water Flea Growth / Reproduction 
(# offspring released) 21-day NOEC 172

Daphnia magna Water Flea Growth / Reproduction 
(# offspring released)

21-day EC50 > 172

Pseudokirchneriella 
subcapitata Green Algae Cell Biomass 72-hr NOEC    47

Pseudokirchneriella 
subcapitata Green Algae Cell Biomass 72-hr EC50 > 97

Pseudokirchneriella 
subcapitata Green Algae Growth Rate 72-hr NOEC    97

Pseudokirchneriella 
subcapitata Green Algae Growth Rate 72-hr EC50 > 97

Notes:

Chronic Toxicity Test Results for Resorcinol

(Resorcinol Task Force 2004/2006 Studies)

2. None of the above concentrations were required for the calculation of GMAVs or FAVs for resorcinol for the following reasons.  
The RTF study exposure concentrations were set well below values used from either the USEPA ECOTOX database or those 
assayed for this report and none of the concentrations showed a significant dose-response related adverse effect on any of the test 
organisms.  That is, most effect concentrations are unbounded NOECs in that the true NOECs may exist at much higher 
concentrations that were tested.  See text for further discussion.

using Daphnia  and Pseudokirchneriella  spp.

Attachment 1 - Table A

1. Results are summarized from Springborn Laboratories (2004) and Springborn Smithers Laboratories (2006).  This work was 
published by the Resorcinol Task Force (RTF).

































































































































































































































































































































































































































































































































































STATEMENTS OF POLICY
DEPARTMENT OF
ENVIRONMENTAL

PROTECTION
[ 25 PA. CODE CH. 16 ]

Request for Scientific Information; Resorcinol and
Sulfonates; Statement of Policy

The Department of Environmental Protection (Depart-
ment) is seeking analytical test methods, data and perti-
nent scientific information for Benzene Metadisulfonic
Acid (BDSA), Benzene Monosulfonic Acid (BSA), p-Phenol
Sulfonic Acid (p-PSA), (collectively referred to as the
sulfonates) and Resorcinol.

The Department plans to propose amendments to
Chapter 16, Appendix A, Table 1A (relating to water
quality criteria for toxic substances). The revision to
Table 1A will incorporate site-specific ambient water
quality criteria for BDSA, BSA, p-PSA and Resorcinol,
which were requested by AMEC Earth & Environmental
(AMEC), a consultant to Beazer East, Inc. (Beazer East).
Documentation to support the request was submitted to
the Department on April 11, 2008, by Babst, Calland,
Clements and Zomnir, on behalf of Beazer East.

For further information contact Richard H. Shertzer,
Chief, Division of Water Quality Standards, Bureau of
Water Standards and Facility Regulation, 11th Floor,
Rachel Carson State Office Building, P. O. Box 8467,
Harrisburg, PA 17105-8467, (717) 787-9637 or Michelle
Moses, Assistant Counsel, Bureau of Regulatory Counsel,
9th Floor, Rachel Carson State Office Building, P. O. Box
8464, Harrisburg, PA 17105-8464, (717) 787-7060. Persons
with a disability may use the Pennsylvania AT&T Relay
Service at (800) 654-5984 (TDD user) or (800) 654-5988
(voice users).

Beazer East has implemented environmental investiga-
tions and remediation at sites in Butler and Armstrong
Counties, in cooperation with the Department and United
States Environmental Protection Agency (EPA). These

sites are located within an area approximately 60 square
miles in size that has been designated by the Department
under the Hazardous Sites Cleanup Act (HSCA) as the
‘‘Bear Creek Area Chemical Site’’ (BCACS). The Depart-
ment has determined that environmental media (such as,
soil and groundwater) within the BCACS have been
impacted by the sulfonates and resorcinol. Currently, with
respect to surface water, there are no ambient water
quality criteria in Chapter 16 for the sulfonates or
resorcinol.

Because water quality criteria have not been developed
for the sulfonates or resorcinol by either the Department
or the EPA, AMEC used the EPA’s National guidelines to
develop water quality criteria as stated in 25 Pa. Code
§ 16.22 (relating to criteria development).

The Department reviewed materials presented during a
March 7, 2007, meeting with representatives of Beazer
East, AMEC, Babst, Calland, Clements and Zomnir and
draft reports prepared on behalf of Beazer East. The EPA
performed an informal review of this documentation and
the process used by AMEC. Based on comments for-
warded to the Department from the EPA’s Health and
Ecological Criteria Division in the EPA Office of Science
and Technology, it was determined that AMEC followed
the EPA National Guidelines on toxicity testing and
criteria development. However, based on a more thorough
review of the calculations and data tables, the EPA
provided additional recommendations to correct errors
found in some reported values. AMEC revised its ambient
water quality report at the request of Beazer East, and
updated the report titled ‘‘Development of Ambient Water
Quality Criteria for Benzene Metadisulfonic Acid, Ben-
zene Monosulfonic Acid, p-Phenol Sulfonic Acid and
Resorcinol.’’ This report, dated April 3, 2008, incorporates
revisions provided by the EPA and the Department.

Based on the results of studies presented by AMEC on
behalf of Beazer East, using established EPA protocols,
the Department plans to propose the following site-
specific ambient water quality criteria for Sulfonates and
Resorcinol. These criteria will apply to the BCACS lo-
cated within Bear Creek basin (§ 93.9s), in Armstrong
and Butler Counties.

Acute AWQC Chronic AWQC
CAS Criterion Maximum Criterion Continuous

Compound Number Concentration (ug/l) Concentration (ug/l)
Benzene Metadisulfonic Acid 00098486 2592000 1620000
Benzene Monosulfonic Acid 00098113 1956000 1151000
p-Phenol Sulfonic Acid 00098679 3476000 1363000
Resorcinol 01084603 28000 7180

Analytical test methods, data and pertinent scientific
information should be submitted to Richard H. Shertzer
at the previous address, or may be submitted electroni-
cally by e-mail to RA-WQS@state.pa.us. A subject heading
of ‘‘Request for Information—Resorcinol,’’ and return
name and address must be included in each transmission.
Comments and scientific information must be received by
June 22, 2009, to be considered in the development of the
final criteria for Metadisulfonic Acid, Benzene
Monosulfonic Acid, p-Phenol Sulfonic Acid and Resorcinol.
Comments received by facsimile will not be accepted.

Persons with a disability may use the Pennsylvania
AT&T Relay Service at (800) 654-5984 (TDD user) or
(800) 654-5988 (voice users).

JOHN HANGER,
Secretary

[Pa.B. Doc. No. 09-929. Filed for public inspection May 22, 2009, 9:00 a.m.]
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